We evaluated the effect of the postgraduate medical education level (PGY) of surgery residents on recurrence of inguinal hernia, complications, and operative time. Methods: Post hoc analysis was performed on prospectively collected data from a multicenter Veterans Affairs (VA) cooperative study. Men were randomly assigned to open or laparoscopic inguinal hernia repairs with mesh. Surgery residents performed repairs with designated attending surgeons present throughout all procedures. PGY level of the resident was recorded for each procedure. All patients were followed for 2 years for hernia recurrence and complications. PGY levels were grouped as follows: group I ϭ PGY 1 and 2; group II ϭ PGY 3; group III ϭ PGY Ն 4; rates of recurrence, complications and mean operative time were compared. Results: A total of 1983 patients underwent hernia repair. group III residents had significantly lower recurrence rates for open repairs when compared with group I (adjusted odds ratio ϭ 0.24, 95% confidence interval ͓CI͔, 0.06, 0.997). The recurrence rate was similar among the groups for laparoscopic repair (P Ͼ 0.05) Complication rates were not different for either repair (P Ͼ 0.05). Mean operative time was significantly shorter for group III compared with group I for both open (Ϫ6.6 minutes; 95% CI, Ϫ11.7, Ϫ1.5) and laparoscopic repairs (Ϫ12.9 minutes; 95% CI, Ϫ19.8, Ϫ6.0) and between group II and group I for laparoscopic repair (Ϫ15.0; 95% CI, Ϫ24.3, Ϫ5.7). Conclusions: Despite the presence of an attending surgeon, open hernia repairs performed by junior residents were associated with higher recurrence rates than those repaired by senior residents.
I
nguinal hernia is one of the most common operations performed by general surgeons. Residents in general surgery obtain extensive exposure to this procedure beginning early in their surgical education and learn how to perform hernia repairs under the supervision of an attending surgeon who assists with the procedure. Hands-on instruction and graded clinical responsibility are integral components of surgical education in North America.
Hernia repairs are performed by either an open or a laparoscopic technique. The rate of recurrence of the hernia and occurrence of complications should be low. In this era of heightened emphasis on accountability to our patients, it is important to document the effect of residents acting as the surgeon for a procedure, on surgical outcomes. How procedures are taught may need to be examined and improved. We reviewed prospectively collected data from a large multicenter randomized trial of open mesh and laparoscopic mesh inguinal hernia repair to evaluate the effect of resident postgraduate medical education level (PGY) level on the recurrence rate, operative time, and rate of complications.
MATERIALS AND METHODS
The design, conduct, and primary results of the Veterans Affairs (VA) hernia trial have been reported. 1, 2 Briefly, 2164 consenting men with inguinal hernias at 14 VA medical centers were randomized to open mesh repair (Lichtenstein) 3 or laparoscopic mesh repair using total extraperitoneal (90.2%) or a transabdominal preperitoneal (9.8%) technique. 1, 2 The protocol and consent forms were approved by the Hines VA Cooperative Studies Program Human Rights Committee and by each site's Institutional Review Board.
Participating surgeons agreed to follow a precise protocol. Recurrent hernias were repaired by the same standardized procedures as primary hernias. Surgery residents per-formed most of the repairs with the assistance of an attending surgeon. The experience of the attending surgeon in the technique to which the patient was randomized was recorded at the beginning of each operation, as was the PGY level of the resident performing the procedure. The protocol mandated that attending surgeons be scrubbed "from incision to onset of skin closure." Operative time (from incision to conclusion of skin closure) was recorded for each procedure. The same standardized postoperative instructions were given to all patients: activities were not restricted.
Of the 2164 men enrolled, 1983 underwent repair and 85% were available for independent examination for recurrence at 2 years. Recurrences were confirmed with examination by an independent surgeon, ultrasound examination, or reoperation.
Complications were assessed intraoperatively and postoperatively (short term, Ͻ3 months; long term, 3 months to 2 years). Life-threatening complications were defined prior to the start of the study and were assessed up to 30 days. Statistical models were constructed for three outcomes: recurrence, overall complications, and operating times in minutes. Recurrence and overall complication rates were modeled using logistic regression; operating times were modeled using multiple linear regression. All models used generalized estimating equations to accommodate correlations introduced by having an attending surgeon or resident perform multiple hernia repairs. All statistical analyses controlled for factors known to influence recurrence and complication rates: hernia site (bilateral or unilateral), hernia type (primary or recurrent), hospital location, and attending surgeon experience (Ͻ or Ն250 cases). 
RESULTS

Of
Open Repair
The recurrence rates for these five groups were compared. For patients who had open repairs, the recurrence rates were 7% for PGY 1 residents, 5.2% for PGY 2 residents, 3% for PGY 3 residents, 1.4% for PGY 4 residents, and 1.1% for PGY Ն 5 residents. These differences were not significant (P ϭ 0.13). Because of the small sample size for each PGY level, especially ϾPGY 3, the resident levels were combined into three groups: group I (PGY 1 and 2), group II (PGY 3), and group III (PGY Ն 4). When the resulting three groups were compared, patients undergoing open repair operated on by group I had a recurrence rate of 6.4%, group II 3.0%, and group III 1.1% (P ϭ 0.01). Logistic regression analysis controlling for concomitant variables revealed a statistically significant difference in recurrence between group III and group I (adjusted odds ratio ͓AOR͔, 0.24; 95% confidence interval ͓CI͔, 0.06 -0.997) ( Table 1) .
Complication rates for the open procedures were 25.3% for group I, 27.9% for group II, and 25.6% for group III (P ϭ not significant). Logistic regression analysis failed to reveal any significant differences between the groups ( Table 2) .
Mean operative time for open repairs was also compared. Group I had a mean operative time of 76.3 minutes, group II 78.9 minutes, and group III 71.6 minutes (P ϭ 0.02). Multiple regression analysis revealed a significant difference in operative time between groups III and I (Ϫ6.6 minutes; 95% CI, Ϫ11.7, Ϫ1.5) ( Table 3) .
Laparoscopic Repair
When residents were grouped as in the open analysis, the overall recurrence for patients having a laparoscopic repair was 9.8% for group I, 11.5% for group II, and 10.0% for group III (P ϭ not significant) ( Table 4) . Complication rates were also similar among the groups: group I had a complication rate of 31.9%, group II 32.1%, and group III 29.1% (P ϭ not significant). Logistic regression analysis did not reveal any significant differences (Table 5) . Mean operative time did not vary significantly between the three groups: group I mean operative time for laparoscopic repair was 81.3 minutes, group II 77.6 minutes, and group III 79.0 minutes. Multiple linear regression analysis revealed a significant difference between group III and group I (Ϫ12.9 minutes; 95% CI, Ϫ19.8, Ϫ6.0) and group II and group I (Ϫ15.0 minutes; 95% CI, Ϫ24.3, Ϫ5.7) ( Table 6 ).
DISCUSSION
Graduate surgical education in the United States follows a model of graded clinical responsibility and operative experience, with continuous evaluation, throughout a residency program. The program requirements for Residencies in Surgery, as defined by the Accreditation Council for Graduate Medical Education, state.
"Operative skill is essential and can be acquired only through personal experience and training. The program must provide for sufficient operative experience to train qualified surgeons, taking into account individual capability and rate of progress." 4 Charged with the responsibility for instructing, supervising, and evaluating surgery residents are attending surgeons who, as described in the program requirements cited above, have both an ethical and a legal responsibility for overall care of each patient and supervision of the resident involved in that care. While residents with limited experience require more intensive supervision than those at advanced levels, they must be provided with adequate opportunities to learn techniques and skills. Safeguarding patient welfare is the guarantee of appropriate supervision by more experienced surgeons. This redundancy in patient care, implicit in teaching hospitals, may be the basis for outcomes of surgical care that are at least as good as those in nonteaching institutions. There are a number of studies that compare outcomes of procedures done at teaching hospitals by residents and those procedures performed by attending surgeons. Almost uniformly, these studies show no negative effect on outcome when patients are operated on at hospitals with residents involved in patient care. [5] [6] [7] [8] [9] [10] One variable that could have affected the results seen in this study is degree of attending surgeon supervision. Fallon et al 11 have reported that, when surgical procedures were performed with low levels of attending surgeon supervision, complication levels and mortality were raised. During the planning for this trial, conducted in VA hospitals, we recognized that criticism was to be expected based on the perception that attending surgeon participation in the entire operation would be less likely than in the private sector and that the residents were less well supervised. Although the VA requires the physical presence of the attending surgeon in the operating room, we added the requirement that the attending surgeon be scrubbed "from incision to onset of skin closure" to insure that the best possible outcome would be achieved for the patient and for the integrity of the trial. Under these circumstances, the results we describe raise important questions about the effectiveness of supervision of inexperienced surgery residents. While it is understandable that the instruction of an inexperienced resident will take longer and lengthen the operative time, why were recurrences more common when junior residents were involved? Should not the supervising surgeon corrected any errors in technique and achieved the same outcome as if the attending surgeon had performed the operation? Complications such as urinary retention, cardiac arrhythmia, and anesthetic complications, for which no differences related to the level of resident education were observed, may be more dependent on intrinsic patient factors and less related to differences in technique.
Anatomic factors are important in the success of both open and laparoscopic hernia repairs using mesh. One such factor is medial fixation of the mesh in the open repair; this area may be particularly difficult for the inexperienced resident to accomplish and for the attending surgeon to confirm. With experience in the tension-free technique we used in this 
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trial, residents achieved low rates of recurrence; senior residents had recurrence rates at 2 years of 1.1%. Laparoscopic hernia repairs are more complex and difficult to master, seeming to require considerable experience in the technique before recurrence rates similar to open tension-free repairs are achieved. In previous reports from this trial, 2 we found that attending surgeons who had performed fewer than 250 prior laparoscopic hernia repairs had excessive recurrence rates. Even experienced senior residents fail to meet this learning threshold. Only when the attending surgeon and the resident are highly experienced in laparoscopic repair techniques, are recurrence rates for laparoscopic repairs reduced.
The level of experience of the attending surgeon in performing open mesh repairs is not a factor in the results of this study because the majority (83%) of attending surgeons had performed more than 250 open mesh inguinal hernia repairs. In open herniorrhaphy procedures in which both the attending surgeon and resident are experienced, outcomes are better when compared with procedures performed by experienced attending surgeons and less experienced residents. Resident educational level, and likely the level of experience in the procedure, has a direct effect on the risk of recurrence even when the attending surgeon is highly experienced.
We also found that junior residents required a significantly longer time to complete procedures than more senior residents. This finding is not unique to this study. Coates et al 6 showed that residents performing as surgeon with the assistance of an attending surgeon required more time to complete complex vaginal procedures when compared with attending surgeons alone. In our study, the magnitudes of the differences in operative time seen between groups, while significant, is small and unlikely to negatively affect patient care.
If experience is required of a closely supervised surgery resident to achieve optimal patient outcomes, how is it possible to begin the educational process for a surgeon-intraining and still safeguard each patient's welfare? To answer this question, we must seek to understand how to improve the teaching and supervision of the junior resident. Which points in each procedure are most vulnerable to inexperience? What must the attending surgeon do to confirm accomplishment of maneuvers critical to the outcome of the procedure? How best should successful techniques be taught and skills measured? When is a surgery resident ready to perform an operation with lessened supervision? None of these questions has been adequately addressed by surgical educators, and they represent an important challenge for all involved in the education of the next generation of surgeons.
Discussions
DR. KENNETH G. MACDONALD, JR. (GREENVILLE, NORTH CAROLINA):
There is in no doubt to me that the results of surgical procedures are dependent on a number of factors, and these include training, intrinsic skill, and experience of the surgeon. Although the surgical community has historically avoided numbers in credentialing for individual procedures, numerous papers have shown that numbers are important for good results with colectomy for colon cancer with Whipple resection, for pancreatic cancer, for coronary artery bypass grafting, and for even bariatric surgery for morbid obesity. While this paper doesn't look at absolute numbers required for competence with a particular procedure, it does look at level of training, and it speaks to a question that I think is in the back of every surgeon's mind who trains residents and those involved with resident education: how to adequately train them without compromising the quality of surgical care. So I found the results of this paper raise some interesting questions.
There was a significant difference in hernia recurrence between resident levels 1 and 3 with open repairs but not with laparoscopic repairs. In both open and laparoscopic repairs, there is no effect of level of training on complication rates, which was a little unexpected, I thought. The significant increase in recurrence rates with lower level residents with the open repair would seem to indicate-and I hope this makes sense because sometimes when I thought about this it didn't-but seems to indicate that it is easier to monitor and to control certain maneuvers in teaching hernia repairs with laparoscopy (where recurrence rates remained the same throughout all levels of training) than with open surgery, which is opposite to my experience with certain other advanced laparoscopic procedures. And I would just like to ask the authors, Dr. Pappas, if they believe this observation is unique to hernia repair because of the significant differences in the open versus laparoscopic techniques (perhaps in one procedure you utilize sutures, in another you use screws or something like that) or do they feel these results maybe can be generalized to other laparoscopic procedures, like incisional hernia repair or Nissens or gastric bypass or splenectomy, for example?
Related to the technique, the manuscript stated that most of these laparoscopic hernia repairs (that is, 90% of them) were performed with the TEP or total extraperitoneal technique, which many believe is harder to learn and harder to teach than the total abdominal pre-peritoneal or transabdominal pre-peritoneal or TAPP technique. Another question I have is: were there enough of the TAPP or transabdominal procedures performed to analyze for different results in the levels of training with hernia recurrence or complications, and also to compare these results with the TAPP technique to the extraperitoneal technique?
Finally, there were higher recurrence rates at all levels of training with the laparoscopic versus the open repairs. The discussion in this paper refers to the primary publication of the VA hernia study that was shown from the New England Journal of Medicine April of this year, which reported that attending surgeons with experience of less than 250 laparoscopic repairs had a 12.4% recurrence rate while those that had performed greater than had a recurrence rate of only 5%. Because of this very steep learning curve, the authors stated the lack of improvement in recurrence rates with the senior residents was perhaps due to the fact that none of them had reached the requisite it 250 case experience.
My last question to the authors today is: do your results with this post hoc analysis of resident level of training support the conclusion of that New England Journal of Medicine article, which was that open mesh repair is superior to laparoscopic repair for primary inguinal hernias? DR. BRUCE RAMSHAW (ATLANTA, GEORGIA): This is a post hoc analysis from a study recently published in New England Journal of Medicine, which proposed to compare two approaches to inguinal hernia repair with a goal to determine the single best approach. This study is probably the best collection of clinical data and the most complete follow-up of patient outcomes in the recent history of studies evaluating inguinal hernia repair. Although there will continue to be debate about the best hernia repair, the value of this study is in the analysis of these results in light of our current training environment. And this paper is an interesting product of that data.
At first glance, the result that the more experienced residents have a lower recurrence rate than the first-and second-year residents is not very surprising until you realize that the study protocol required the attending surgeon to be scrubbed from incision to onset of skin closure. Although it is expected that the procedure would take longer for the junior residents to perform, presumably the attending surgeon would not allow an inferior repair to be done. Possible explanations for this were presented by the authors in the paper.
The reality is that inguinal hernia repair can be one of the more technically challenging operations performed by the general surgeon. Although an open tension-free repair can be taught to residents, it appears that a high quality repair, even with the attending surgeon present in the case, is not achieved until the fourth or fifth year of residency. It is even more difficult to teach the laparoscopic repair. For laparoscopic Fellows, it is typically the last of the common procedures that they feel comfortable performing on their own, including the laparoscopic gastric bypass.
This paper not only questions the tradition of the inguinal hernia repair as an intern case, but it also supports the current reevaluation of how residents are trained. In the era of the 80-hour work week and the explosion of technologies and surgery, it is difficult for residency programs to continue to train surgeons primarily by mentoring in the operating room. Hopefully, the future will include better training tools for teaching surgical procedures outside of the operating room.
I would like to ask Dr. Pappas and the co-authors three questions: Was an evaluation of the resident outcomes for each attending surgeon done to see if the poorer results by the junior residents could be avoided by attending surgeons who are particularly diligent in overseeing or even taking over the operation? Based on this study, should inguinal hernia repair be considered an operation for the more senior resident rather than an intern case? Finally, do you plan to change anything in your approach to training residents for inguinal hernia repair or other types of training? And do you plan to change anything based on patient informed consent, given the data in this study? DR. J. PATRICK O'LEARY (NEW ORLEANS, LOUISIANA): Dr. Pappas, a couple of points. First, I am not sure why group 1 consisted of first-and second-year residents. My guess is that there were just fewer second-year residents doing hernias. But the first-year resident group I would have thought would have been your largest single group.
The next question has to do with the attending involvement. As pointed out, it is interesting that it took longer for the first years. But it would not be unlikely if your weakest attendings were in the operating room to help your most junior people. I wonder if they really had the kind of super-vision they needed to carry out the operation well. Were these recurrent hernias identified quicker after the procedure (in other words, 2 or 3 days later) as opposed to at the 2-year visit?
Finally, is 6 minutes really statistically different clinically? My guess is it really isn't. I would hope that my chief resident could do a hernia repair more than 6 minutes faster than an intern.
DR. JAMES A. O'NEILL, JR. (NASHVILLE, TENNESSEE): I appreciate being able to make a comment. It really relates to how these data are to be utilized and an encouragement to Dr. Pappas to make the next step.
I listened to this paper with great interest, and then got to a point where I was left hanging, also brought up by one of the other discussants. We happen to be in a world where there is a great deal of external influence on what surgeons do and how we train residents. We have heard much of that today. I think it is vital that as we gather data that we make conclusions and make recommendations about where we should go. Because this is an extremely thoughtful paper with very good data, I would hope that we could get Dr. Pappas to commit himself. He has identified the problem. Now what do we do about it? DR. W. ROBERT ROUT (GAINESVILLE, FLORIDA): The late Henry Harkens about 30 years ago wrote and spoke that the hernia repair was one of the most complicated procedures in general surgery and should be done by the most experienced person. And I think this paper again, just like Dr. Blumgart this morning mentioned, Dr. Harkens' point has been proven again.
DR. THEODORE N. PAPPAS (DURHAM, NORTH CAROLINA):
First of all, Dr. MacDonald asked why in the laparoscopic group there was no resident effect? The statisticians have told us the attending effect in the laparoscopic group statistically superseded all other effects. So the attending effect was so important in the laparoscopic group that there weren't any resident effects that could be detected. The attending experience level of 250 cases was the dominant factor in all laparoscopic cases. That is why you didn't see a resident effect.
The question about TAPP versus TEP. There really weren't sufficient TAPP patients to make a statistical analysis between those two operations with respect to resident effect or anything else in the study. So I can't comment about that.
Dr. MacDonald asked whether I think this paper supports the hypothesis in the major paper that open is better. I think the data are clear that when the surgeon has inadequate laparoscopic experience, clearly open is better. When you have a very good laparoscopic surgeon with adequate experience, the operations are similar. And there may be a slight advantage to the laparoscopic approach because there were benefits in return-to-normal activity that were seen in the laparoscopic group, although slight.
Dr. Ramshaw asked whether poor results could have been overcome by better teachers, and I think Dr. O'Leary made a similar comment. Statistically, the individual attending effect was also looked at and controlled for, so in the multivariate analysis, the resident effect still persisted. There wasn't an obvious individual attending effect, or even a specific hospital effect that eliminated the resident effect. So as far as we can tell based on the multivariate analysis, there was an independent resident effect in the open hernia group.
Should only senior residents do hernias? I think the answer is clearly no. I think we have to be better at teaching interns and second-year residents how to do these operations. We clearly can't all wait until everybody has done 500 of these operations to become good at them. I think what we have to learn how to do is to teach to the points of failure, so we can shorten these learning curves, and teach specifically to why these operations fail. And I think that is one of the tasks we have in the future.
Have I changed what I do because of this study? I have certainly changed what I have done around laparoscopic repair. I teach laparoscopic repair better than I ever did before. And I also teach open hernia repair differently than I did before. I spend much more time on medial recurrence than I ever did before.
Dr. O'Leary asked about the grouping. Again, this was done based on the urging of the statisticians to group the data. The data year by year was as follows: PGY 1 had a 7% recurrence rate; PGY 2, 5.2%; PGY 3, 3%; PGY 4, 1.4%; PGY 5, 1.1%. Unfortunately, although those numbers look perfect, statistically there weren't differences because there were big differences in the numbers of patients in each one of those groups. So to get some sort of similarity in group sizes, we lumped groups together.
Is it a clinically significant time difference? No, and I don't mean to imply that is a major result of this study. We mentioned it because it has been studied so many times that time seems to be related to outcome or a surrogate for outcome. It is published so frequently we thought it was important to include it in this paper.
And the final question about the challenge and what I am going to do about it? One of the answers has got to be simulation. That has already been mentioned. We have got to figure out a way to put first-and second-year residents in situations that don't always include patients and yet can push their education along in a very rapid fashion in the daylight hours when they are still within the 80-hour work week. So I think that is our task, to use simulation and the very valuable OR time in the best way possible to teach our residents.
